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(57) Abstract

The invention relates to a process for the production of inherently light- and heat-stabilized polyamides, in which polymerisation
and polycondensation take place in the presence of at least one tri-acetone diamine compound of formula (I), wherein R is hydrogen or
hydrocarbon groups with 1-20 carbon atoms, preferably alkyl groups with 1-18 carbon atoms, or.a benzyl group. :

(57) Zusamm'ehfassqng. | '

Die Erfindung betrifft ein Verfahren zur Herstellung von inhirent licht- und hitzestabilisierten Polyamiden, wobei die Polymerisation
bzw. Polykondensation in Gegenwart von mindestens einer Triacetondiamin-Verbindung der Formel (I) durchgefiihrt wird, wobei R

Wasserstott oder Kohlenwasserstoffreste mit 1 bis 20 C-Atomen, bevorzugt Alkylgruppen mit 1 bis 18 C-Atomen, oder eine Benzylgruppe
bedeutet. |
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Inherently light- and heat-stabilized polyamides

The present invention relates to improved polyamides. More particularly, the
present invention relates to inherently light- and heat-stabilized polyamides.

The present invention further relates 0 a process for preparing these polya-
mides and to their use.

The heat stability of polyamides, including nylon 6 and nylon 66, is insufhi-
cient for some applications. For instance, coloration problems can arise as
a result of chemical changes (oxidative/thermal damage) to the polymer du-
ring carpet yarn or textile fabric heat setting, Both continuous filaments and
staple fibers may be affected, It is known to add stabilizers to the polyami-
de to improve these propertics. Such an addition can take place before,
during or aftet the polymerization, for example during the processing. The
customary known stabilizers are mixed into the polymer and are not bonded
to the polymer chain. During processing or use they can migrate, evaporate
or wash out of the polymer more or less readily, so that the effectiveness

of the stabilization decreases in an undesirable manner and the surroundings

(air, dyebath) may become contaminated.

DE-A-20 40 975, Sankyo Co. Ltd., describes the stabilization of synthetic
polymers, including polyamides, with 4-aminopiperidine derivatives. Among
the multiplicity of 4-aminopiperidine derivatives disclosed therein is 4-amino-
2,2,0,6-teramethylpiperidine (cf. No. 32 on page 8 of the document). How-
ever, this piperidine derivaiive s ueither particularly singled out nor used

in any Example. According to this reference, the 4-aminopiperidine derivati-
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ves are mixed with the ready-prepared polymer without becoming attached
to the polymer chain.

DE-C-39 32 912, Sandoz, concerns polyamides containing radicals with ste-
rically hindered amino groups, especially 2,2,6,6-tct.rmnethyl-4-piperidyl ra-
dicals, incorporated in the molecule, The number of radicals is from § to

polyamides are useful, inter alia, for improving the dyeability of polyamides
and as light stabilizers for plastics: they are to be incorporated in amounts

~of 1-10% by weight, particularly in the melt.

A paper in Poly. Deg. and Stab, 21. 251-262 (1988), states that the light
stability of nylon 66 is improved on addition of 2,2,6,6-tetramethy!-4-piperi-
dinol (TMP), The authors assume (s¢e p. 259) that the TMP has reacted
with the carboxyl end groups of the polyamide during a melt postcondensa-
tion of the TMP-including nylon 66 at 275°C under A water vapor atmo-

sphere. But, they say, there are signs of (undesirable) crosslinking during
the later stages of irradiation.

It is known to use amines or mono- and dicarboxylic acids as chain regula-

tors in the polymerization of polyamides, and monocarboxylic acids are very
predominantly used for this purpose in practice.

It is an object of the present invention to provide inherently light- and heat-
stabilized polyamides and processes for preparing them.

We have found that this object is achieved when a triacetonediamine com-
pound of the formula
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NH,
NN
CHo l CHy

R

where R is hydrogen (4-amino-2,2,6,6-tetramethylpiperidine) or hydrocarbyl
having from 1 to 20 carbon atoms, preferably alkyl (4-amino-1-alkyl-2,2.6,6-
tetramethylpiperidine) having from 1 to 18 carbon atoms, or benzyl, is ad-

10 ded before or in the course of the polymerization of the polyamides.

The present mvention accordingly provides a process for preparing polyami-
des, which comprises effecting the polymerization of starting monomers in

the presence of at least one triacetonediamine compound of the formula

15
NH,

e l'\
/ ™
CH; T CHy
R
20

where R is hydrogen or hydrocarbyl having from 1 to 20 carbon atoms,
preferably alky! having from 1 to 18 carbon atoms, or benzyl. Preferred
embodiments of the process of this invention are described in subclaims.

The present invention further provides an inherently light- and heat-stabilized
25 polyamide containing an amine radical of the formula

30

.......



CA 02187821 2000-12-22

4
NH-

-~

(Jh\mj ]<:Gm‘
oHy T CHy
_ R

where R is as defined above, chemically bonded to the polymer chain. Pre-

ferred polyamides of this invention are defined in corresponding subclaims.

Advantageously, the polymerization is carried out in the

10 absence of at least trifunctional amines and in the absence

of at least trifunctional carboxylic acilds.

The triacetonediamine compound is added to the starting monomers or the
polymerizing reaction mixture and becomes bonded to the end of the poly-
mer chain through reaction of its primary amino group with the starting
monomers ot with the carboxyl groups of the polyamide being formed. The
secondary amino group of the triacetonediamine compound does not react
because of steric hindrance. Thus, the triacetonediamine compound also acts

as a chain regulator.

2.0
The chemical bonding of the triacetonediamine compound to the polymer

chain of the polyamide results in inherently stabilized polyamides being
obtained. The process of this invention thus offers the advantage of obvia-

ting the otherwise necessary separate step of mixing a stabilizer into the
polyamide. This eliminates problems or quality reductions as can arise 'on
incorpomtion' of a stabilizer. following surface application to the polyamide
granules as a result of incompatibility, viscosity degradation, migration,
vaporization or washoff of the stabilizer or a twofold stress as with com-
pounding, for example. The use of the triacetonediamine compound in the

30 process of this invention protects the polyamides against damage by the ac-

tion of heat and thermal oxidation in processing and use.

. P bt e
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The polymerization of the starting monomers in the presence of the triaceto-
nediamine compound is preferably carried out according to customary pro-
cesses, For instance, the polymerization of caprolactam in the presence of
triacetonediamine (R = H) can be carried out for example according to the
continuous processes described in DE 14 95 198 and DE 25 38 480. The
polymerization of 66 salt in the presence of triacetonediamine can be carried

out by the customary batchwise process (see: Polymerization Processes
p. 424-467, especially p. 444-446, Interscience, New York. 1977) or by a
continuous process, for example as described in EP 129 196. In principle,
the triacetonediamine compound and the starting monomers can be introdu-
ced into the reactor separately or as a mixture, The triacetonediamine comi-

pound s preferably added according to a predetermined amount/time pro-
gram,

In a preferred embodiment of the process of this invention, the starting mo-
nomers used for polymerization are caprolactam or at least one dicarboxylic
acid A selected from adipic acid, sebacic acid and terephthalic acid and at
least one diamine selected from hexamethylenediamine and tetra-methylene-
diamine, or dicarboxylic acid-diamine salts thereof. Caprolactain is particu-
larly preferred. Dicarboxylic acid A is particularly preferably adipic acid or
terephthalic acid. Given the appropriate choice of starting monomers, the

polymerization will lead to the preferred polyamides nylon 6, nylon 66,
nylon 46 or nylon 610,

In a preferred embodiment, the triacetonediamine compound is added to the

starting monomers in an amount of from 0.03 to 0.8 mol%, preferably
from 0.06 to 0.4 mol%, based on 1 mol of carboxamide groups of the
polyamide. This statement of quantity relates for example to 1 mole of
caprolactam when nylon 6 is to be prepared or to 0.5 mol of 66 salt when
nylon 66 is to be prepared. It was found that amounts below 0.03 mol%
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make it impossible to achieve the desired degree of polymerization owing
to the regulating effect of the triacetonediamine compound.

In a preferred embodiment of this invention, the tria'cetonediamine compound
I8 combined with at least one customary chain regulator, Examples of
suitable chain regulators are monocarboxylic acids such as acetic acld, pro-
pionic acid and benzoic acid. The chain regulator combination and the
amounts used are selected inter alia according to the amino end group con-
tent desired for the end product and according to the desired melt stability,
The amino end group content depends on the dyeability desired for the fila-
ments or fibers, The melt stability depends on the practical requirements of
processing products, especially in relation to spinning.

The nylon 6 (polycaprolactam) prepared by the process of .this Invention, as
well as the triacetonediamine compound, preferably contains dicarboxylic
acids B as chain regulators. More particularly, such nylon 6 products, as
well as possessing the requisite melt stability, the desired filament or fiber
dyeability and good light and heat stability, also possess improved strength

The dicarboxylic acids B used as chain regulators in combination with the

triacetonediamine compound can be identical to or different from the dicarb-

25 oxylic acids used as dicarboxylic acid A. They are preferably selected from:

30

C4-—-Cm-alkanedicarboxyllc acids, especially adipic acid, azelaic acid, sebacic
acid and dodecanedioic acid; C5-Cg-cycloalkanedicarboxylic acids, especially
cyclo-hexane~l,4~dicarboxylic acid; and also benzene- and naphthalene-dicar-
boxylic acids, especially isophthalic acid, terephthalic acid and naphthalene-
2,0-dicarboxylic acid. The dicarboxylic acids B are preferably used in an
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amount of from 0,06 to 0.6 mol%, preferably from 0.1 to 0.5 mol%, ba-
sed on 1 mol of carboxamide groups of the polyamide.

In another preferred embodiment, the polymerization of the process of this

invention is carried out in the presence of at least one pigment. Preferred

‘pigments are titanium dioxide or inorganic or otganic coloring compounds.

The pigments are preferably added in an amount of from O to 5 parts by
weight, especially from 0.02 to 2 parts by weight, based on 100 parts by
weight of polyamide. The pigments can be added to the reactor with the
starting materials or separately therefrom. The use of the triacetonediamine
compound (also as chain regulator constituent) distinctly improves the light

stability of the polymer compared with a polymer comprising only pigment
and containing no triacetonediamine.

This invention also relates 10 the use of inherently light- and heat-stabilized
polyamide of this invention for producing filaments, fibers or films. This in-
vention further relates to a process for producing filaments based on polyca-
prolactam by high-speed spinning at takeoff speeds of at least 4000 m/min
and to the filaments thus obtained. In addition, this invention ¢ncompasses

the use of filaments obtained according to this invention for producing fibers
and fabrics and also the fibers and fabrics obtainable by this use.

The Examples which follow ilustrate the invention.

General remarks concerrung the Examples

The relative viscosity of the polyamides (pellets and filaments) was deter-
mined in 1% strength solution (1 g/100 ml) in concentrated sulfuric acid
(96% by weight) at 25°C. The end Eroup content was determined by acidi-

metric titration. The amino end ETOUps were titrated with perchloroacetic
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acid in a solution in 70:30 (parts by weight) phenol/methanol. The carboxyl

end groups were titrated with potassium hydroxide solution in a solution in
benzyl alcohol,

The level in the polyamides of the triacetonediamine compound and of any
dicarboxylic acids can be determined by hydrolyzing a sample in dilute mi-

neral acid and analyzing the hydrolyzate by customary methods, for example
by gas chromatography.

The heat stability of the polyamide filaments was determined under condi-
tions which substantially correspond to those of heat setting processes in
subsequent treatment stages, for example heat setting of BCF (bulked con-
tinuous filament) or tenter setting of textile fabrics. 5 g hanks of the drawn
filaments were rapidly introduced on a holder together with the comparative
samples into a through-circulation oven preheated to 185°C and left therein
for 120 seconds from reattainment of the air temperature measured in direct
sample vicinity. The sample was then immediately removed and cooled

down in air at 20°C room temperature. Filaments to be compared were
{reated together.

The damage incurred (compared with an untreated sample of the same fila-

ment) was determined through the decrease I the relative viscosity and the

amino group content and the increase in the carboxyl group content,

The absolute decrease in the basic groups is then converted into a percenta-

ge decrease, based on the untreated yarn sample, to arrive at a more useful
figure for actual service.

The ultimate extension was determined using an Uster Tensorapid I and a
clamped length of 200 mm in the case of partially oriented yarn (POY) fi-
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laments, of 500 mm in the case of drawn and textured filaments. The fila-
ment (ime-to-rupture was within the range 2012 seconds. The pretensioning

force was 0,025 cN/dtex in the case of POY and 0.05 cN/dtex in the case
of drawn filaments.

The tenacity R;; was calculated according to the following equation:
R’H s FH/ Ttv

Where Fy is the ultimate tensile strength [cN] and Tt, is the original linear

density [dtex]. The ultimate tensile strength value used was the largest value

obtained in the ultimate extension measurements.

The ultimate extension Ey was determined as the ratio of the length change

Al at the moment of attainment of the ultimate tensile strength to the origi-
nal length 1, of the sample according to the following equation:

EH = Al 100%/1,

where Al is the difference in the length of the sample at the time of appli-
cation of the ultimate tensile strength, iy, and the original length |,

Representative Example 1

The polymerization reactor used was a VK tube vertical column reactor as
described in EP 20946 composed of stainless steef, rnaterial No. 1.4541,

The VK tube had an opersting capacity of 340 | and was heated with a
heat transfer oil.
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A mixture of 100 parts by weight of molten caprolactam, 0.5

part by weight of water and 0.33 part by weight of

terephthalic acid was continuously 1ntroduced 1into the

first reaction zone at the top of the VK tube at a rate of

41 kg/h with stirring. At the same time, triliacetone-diamine

was continuously fed as a separate stream 1into the first
reaction zone of the VK tube at a rate of 55 ml/h. The

concentration of triacetonediamine was accordingly

0.087 mols, and that of terephthalic acid 0.23mol%, each

based on 1 mol of caprolactam. The temperature of the first

reaction zone was 266°C; the pressure 1n the wvapor phase
above the first reaction zone was 1.5 bar absolute. The
polycaprolactam was discharged form the VK tube at the base
thereof, converted into pellets, extracted with hot water

H
r—

and dried. The dried polymer had a relative viscosity of

2.70, an amino end group content of 39 meg/kg and a

carboxyl end group content of 65 meqg/kg.

The product was spun at high speed as godet POY from jets

having a hole diameter of 0.2 mm and a capillary length of

0.6 mm on an Ems-Inventa pilot spinning plant at a melt

-

temperature of 275°C and a rate of 23 g/min per jet.

)

The speeds were 4520 m/min for the 1st duo, 4530 m/min for

the 2nd duo and 4500 m/min for the Barmag Craft winder.

Below the jet the filaments were cooled in a Barmag
transverse flow quench box wusing a 20°C/65% relative
humidity airstream having a velocity of 0.4 m/sec. The

filaments were spin finished with a commercial spin finish

composition (Limanol™ E 100, from Schill & Seilacher, 0.65%

* Trademark
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add-on filament) in the quench box via a metering pump and

ceramic oillers. The POY had the following properties:
ultimate extension 72%, tenacity 4.1 c¢N/dtex, Uster

standard test Us=0.6.
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The filaments were then cold-drawn at 820 m/min on a Zinser 14 S draw-
twist machine to a draw ratio of 1:1.363. The filaments thus obtained had
an ultimate extension of 37%, a tenacity of 5.2 cN/dtex and an Uster uni-

formity U% (standard test) of 0.7. The 12 filament yarns had a linear den-
sity of 43,1 dtex.

The relative viscosity was 2.70, the amino end group concentration was 33

and the carboxyl end group concentration was 63 meq/kg.
Comparative Example 1

Commercial nylon 6 of relative viscosity 2.67 without triacetonediamine was
spun under identical conditions as in Representative Example 1. The POY

had the following properties: ultimate extension 73%, tepacity 4.0 cN/dtex,
Uster standard test U % = 0.6.

The yamt was then cold-drawn to a draw ratio of 1:1.336. The yarns thus
obtained had an ultimate extension of 43%, a tenacity of 4.8 cN/dtex and
an Uster uniformity U % (standard test) of 0.5. The linear density of the
12 filament yarns was 43.8 dtex, The relative viscosity was 2.66, the amino

end group content was 32 meg/kg, and the carboxyl end group content was
53 meq/kg.

The yarns were subjected to a 120 s heat treatment in hot air at 185°C
and showed the following values:
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Table 1|

Representative  Comparative
Exampl 1 Example 1

Relative viscosity  untreated ' 2.70 2.66
treated 2.45 2.20
decrease -0.25 -0.46

Amino end groups untreated 35 32

(meq/kg) treated 26 21
decrease -9 -11

decrea ( %)

Carboxy! end untreated
groups treated
(meq/kg) incmam

Table 1 reveals that the nylons 6 of this invention decrease less in relative
viscosity and amino group content and increase less in carboxyl gEIoup con-

tent in the heat treatment than the polyamide of Comparative Example 1
and thus possess better heat stabilization.

Caprolactam was polymerized in the same VK tube as in Representative
Example 1 in the presence of 0.38 mol% of terephthalic acid, 0.20 mol%
of triacefonediamine, 0.5% by weight of water and 0,3% by weight of tita-
nium dioxide (as delusterant). The polymerization was carried out in the
first reaction zone at a temperature of 255°C and at atmospheric pressure
with a throughput of 25 kg/h. The procedure was otherwise in CorTespon-

dence with that described in Representative Example 1. The dried product

had a relative viscosity of 2.37, an amino end group content of 45 meq/kg
and a carboxyl end group content of 79 meqg/kg.
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The product was melted in a Barmag single-screw extruder and fed at 4
melt temperature of 270°C into a Barmag SP 42 spinning system. The melt
was spun at a rate of 22.6 g/min per jet through 12-hole spinning jets
having capillary holes 0.20 mm in diameter and 0.60 mm in length to pro-
duce 12 filament strands having an as-spun (POY) linear density of 52 dtex
and taken up at 4500 m/min. After passing through a quench box with a
transverse quench flow of 0.40 m/sec and spin finlshing with from 0.60 to
0.65% of a commercial spin finish composition (Limanol E 100 from Schill

& Seilacher as 8% strength solution) the filament strands were taken off via

ultimate extension of 65%, a tenacity of 4.6 cN/dtex and a boil-off shrinka-
ge of 9%,

The POY was cold-drawtwisted at 748 m/min on a Rieter J5/10a draw-twist

machine. The yarn tension in the prestretch zone was 0.8%, and the total
draw ratio was [:1.298.

The drawn filament yarns had an ultimate extension of 36%, a tenacity of

3.2 ¢N/dtex, a linear density of 44 dtex for 12 filaments and an Uster
U % (standard test) of 0.7.

The relative viscosity was found to be 2.41, the amino end group content

was found to be 42 meq/kg and the carboxyl end group content was found
to be 74 meq/kg.

Commercial nylon 6 having a relative viscosity of 2.39 and containing no

triacetonediamine was extruded in the manner described in Representative
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Example 2. Cooling and spin finishing of the filaments were carried out as
described above. The POY was wound up at 4500 m/min without godets.

The POY had an ultimate extension of 62%. a tenacity of 4.2 cN/dtex and
a boil-off shrinkage of 9%.

The POY was cold-drawn as in Representative Example 2 to a total draw
ratio of 1:1,279. The drawn filament yarns had an ultimate extension of

34%, 8 tenacity of 4.6 cN/dtex, a linear density of 43.6 dtex for 12 fila-
ments and an Uster value U % (standard test) of 0.9.

The relative viscosity of the yarns was 2.41, the amino end group content
was 25 meq/kg and the carboxyl end group content was 65 meq/kg.

The yams were subjected to conditions cotresponding to a textile tenter

setting (185°C hot air, 120 sec) and the following properties were measu-
red:

Table 2

Representative  Comparative

Example 2 Example 2

Relative viscosity  untreated 2.4] 2.41
treated 2,28 1.84

decrease .13 -0.57

untreated 42 25

treated 34 13

decrease -8 -12

. decrease (%) -19% -48 %
Carboxyl end untreated 14 65
groups treated 75 | 93

(meq/kg) increase + 1 +28
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Table 2 clearly shows that caprolactam polymerized to nylon 6 in the pre-
sence of triacetonediamine has better heat stabilization than the nylon 6 of
Comparative Example 2, which contains no triacetonediamine.

Representative Example 3

Polyamide prepared as in Representative Example 2 but without the addition
of titanium dioxide was subjected to high-speed spinning in accordance with
Representative Example 2. The POY had an uitimate extension of 64%, a
tenacity of 4.7 cN/dtex and a boil-off shrinkage of 10%.

The drawing was carried out under the conditions recited in Representative
Example 2. Thereafter the drawn yarns had an ultimate extension of 37%.
a tenacity of 5.4 cN/dtex, a boil-off shrinkage of 14%, an Uster uniformity
U % (standard test) of 0.8 and a 12-filament linear density of 44 dtex.

The relative viscosity was 2.40, the amino end group content was 42 meq/-

kg, and the carboxyl end group content was 74 meg/kg.

<omparative Example 3A/3B

2 types of commercial nylon 6 of relative viscosity 2.40 (3A) and 2.44
(3B), respectively, were subjected to high-speed spinning in accordance with
Representative Example 2. The spinning temperature was 275°C, and the
speed of the godet duos was 4510 m/min and 4520 m/min, respectively.

Table 3

The POY had the following properties:



- 16 .

Ultimate extension
Tenacity
Boil-off shrinkage

5 Uster (standard test) U%
12-filament Jinear density

10 and had the data:

Ultimate extension
Tenacity

Boil-off shrinkage
Uster (standard test) U%
1S 12-filament linear density

4.8 cN/dtex
12%

20 Relative viscosity  untreated

treated

Amino end groups  untreated
(meq/kg) (reated

decrease
decrease
(%)

Carboxyl end

Untreated
25 groups treated
(meq/kg) INcrease

+13

According to Table 3

stabilization
than the nylon ¢ types of the comparative exam
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Representative Exarople 4

Caprolactam was polymerized in the same VK tube as in Representative
Example 1 in the presence of 0.55% by weight (0.375 mol%) of terephtha-
lic acid, 0.33% by weight (0.239 mol%) of triacetonediamine, 0.5% by
weight of water and 0.3% by weight of titanium dioxide. The polymeriza-
tion was carried out in the first reaction zone at a temperature of 255°C
and at atmospheric pressure with a throughput of 25 kg/h. The procedure
was otherwise in correspondence with that described in Representative
Example 1. The dried product had a relative viscosity of 2.42, an amino

end group content of 46 meq/kg and a carboxyl end group content of 70
meq/kg. The extractables content was 0.38%.

This was followed by godetless spinning at 4500 m/min in accordance with

Comparative Example 2, then cold-drawing to a draw ratio of 1:1.229 and
warping at 60X} m/min.

The POY had a 12 filament linear density of 52 dtex, an ultimate extension
of 59% and a tenacity of 4.1 cN/dtex,

An average of 0.5 defects/100 km were found in the Elkometer test (gap
size 45 um),

The drawn yarn has an ultimate extension of 36% and a tenacity of
4.3 cN/dtex. The 12 filament linear density was 46 dtex.

Comparative Example 4

Caprolactam was polymerized in the same VK tube as in Representative
Example 4 in the presence of 0.53% by weight (0.361 mol%) of terepht-
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halic acid, 0.5% by weight of water and 0.3% by weight of titanlum dioxi-
de. The polymerization was carried out in the first reaction zone at a tem-
perature of 252°C. The procedure was otherwise in correspondence with
that described in Representative Example 4. The dried product had a relati.
ve viscosity of 2.39, an amino end group content of 27 meqg/kg and a carb-
oxyl end group content of 9?2 neq/kg. The extractables content was 0.32%

50 kg of the above nylon 6 chips were admixed with 165 g of triacetonedi-

amine (TAD) (0.33% by weight) in liquid form by drumming on in a gyro
wheel mixer for 2 hours.

The chips accordingly comprised the same amount of TAD in admixture and
contained virtually the same terephthalic acid content (as part of the poly-

mer) as the above-described product 4: the two products were identical ex-
cept for the manner of the addition of the TAD.

The drummed-on TAD does not absorb completely into the Chips. They re-
main TAD-moist and have a strong amine odor. This property is extremely

disadvantageous in handling; in addition, extensive safety precautions are
necessary, since TAD is corrosjve.

During the residence time in the spinning system, the viscosity increases
normally in the case of Representative Exarople 4, whereas it decreases dra-
matically in the case of Comparative Example 4. Other advantages of Re-
presentative Example 4 are the comparatively small change in the number

of amino groups and in the ¢xtractables content (determination: 16 hours of
extraction with methanol under reflux) and the fact that there is significantly
less fuming in the spinneret region during spinning.
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Table 4

Chemical data of free-fall filaments

Rep. Ex. 4 Comp. Ex. 4
2,48 (+ 0.06)! 2,24 (-0.15)]

End groups

Amino (meg/kg) 54 (+27)
Carboxyl (meg/kg) 67 (-3) 88 (-4)

Extract (%) . 1.4 (+1.0) 1.8 (+ 1.5)

1) Values in brackets:  change compared with chips used; in the case
of Comparative Example 4, compared with the
base polymer without TAD.

The spinning and further processing were carried out under the conditions
recited in Representative Example 4. The POY had a 12 filament linear
density of 52 dtex, an ultimate extension of 54% and a tenacity of

3.8 cN/dtex. An average of 7.5 defects (nodules, broken filaments,
loops)/100 km were found in the Elkometer test.

After drawing, the ultimate extension was 35% and the tenacity 4.2 cN/-
dtex.

Tahle §

I Comp. Fx. 4

Broken filaments/ 1.2 4.0 .
100 kg
7.5

Elkometer test 0.5
defects/100 km
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. e e
Drawing defects/100 1.8 14.5
kg —_—
Warping defects/100 0.037 > (.65

km

As is discernible from Table 5, the nylon 6 of Representative Example 4
according to the invention has lower defect numbers in sl processing stages

than the nylon 6 of Comparative Example 4, into which the TAD was in-
corporated by mixing into the polyamide.
10

In Representative Example 4, TAD is more completely/strongly attached in
the polyamide than in Comparative Example 4, Thus, less amine passes into
the aqueous phase in extraction processes (in dyeings, for example).

15 Following one hour extraction with hoiling water under reflux of POY
wound up without spin finish, the following chemical data were determined:

Table 6

20

Rel. viscosity before extraction

after extraction
difference

Amino end

groups before extraction 42 55
(meg/kg) after extraction 42 S0
difference +0 -3

13
As 15 evident from Table 6, the number of amino end groups before and

after extraction remains the same in the polyamide of this invention, where-

as the comparative example has fewer amino end groups after extraction.

Thus, less amine passes into the aqueous phase on extraction of the polya-
3 mide of this invention.
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Comparative Example $

Commercial nylon 6 of relative viscosity 2.39, delustered with 0.3% titani-

um dioxide and containing no triacetonediamine was spun into filaments in
the manner described in Comparative Example 2.

The POY had a 12 filament linear density of 51 dtex, an ultimate extension

of 57% and a tenacity of 3.8 cN/dtex. After cold drawing to a draw ratio

of 1:1.244, the values listed below in Table 7 for the untreated sample
were determined.

The irradiation and the measurement of the ultimate extension and ultimate

tensile strength were carried out jointly with Representative Example 5. The
results are listed in Table 7.

E le 5

Caprolactam was polymerized from the same starting materjals and quantities
under the conditions specified in Representative Example 4 using the same
titanium dioxide type as in Comparative Example 5. The dried polyamide
had a relative viscosity of 2.43, an amino end group content of 44 meq/kg

and a carboxyl end group content of 71 meq/kg. The extractables content
was 0.36%.

Spinning was carried out godetlessly at 4500 m/min as described in Compa-
rative Example 2. The POY had a 12 filament linear density of 51 dtex,
an ultimate extension of 61% and a tenacity of 4.3 cN/dtex.

After cold drawing to a draw ratio of 1:1.244, the values listed below in
Table 7 for the untreated sample were determined.



10

13

20

23

218782,

P

- 22 - 0.Z. 0050/44840

The yamns were then wound on frames and irradiated for 28 days in a
Xenotest 450 from Heraeus, Hanau, and the residual ultimate extension and
the residual ultimate tensile strength were determined in accordance with

DIN 53834 using a clamped length of 100 mm on a Zwick UPM 1425 ten-
sile tester. The results are listed in Table 7.

Table 7
Rep. Ex. 5 | Comp Ex. 5

Untreated yarns

12-filament linear density (dtex) 44 44

Ultimate extension (%) 35 39

Ultimate tensile strength (¢N) 199 196

Tenacity 4.52 4.45
(cN/dtex)
After 28 days’ irradiation in Xenotest
450 23 16
Residual ultimate extension (%) (66) (41)

(= % of original value) (%) 136 97
Residual ultimate tensile (cN) ‘

strength (68) (49)

(= % of original value) (%)

It 18 clear from Table 7 that the polyamide prepared in the presence of

~ triacetonediamine and TiO, (Representative Example 5) has a distinctly im-

proved light stability compared with a comparative polytmer (Comparative
Example 5) including only TiO, and po triacetonediamine.
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CLAIMS

1. A process for preparing a polyamide, which comprises
carrying out polymerization of a starting monomer 1in the

—
p—

presence of at least one triacetonediamine compound of the

formula NH
2
CH3 CH3
N
10 CH3 L CH3

where R is hydrogen or hydrocarbyl having from 1 to 20
carbon atoms wherein the polymerization is carried out 1n
the absence of at least trifunctional amines and 1in the

absence of at least trifunctional carboxylic acids.

2 . A process as claimed in claim 1, wherein R is an alkyl

having from 1 to 18 carbon atoms, or a benzyl.

3. A process as claimed 1in claim 1 or 2, wherein the

polymerization is carried out 1in the additional presence of

20 at least one pigment.

4 . An inherently 1light- and heat-stabilized polyamide

containing an amine radical of the formula

NH -

CH CH
CH3 L CH3

where R is as defined in claim 1 or 2, chemically bonded to

the polymer chain with carboxyl groups of the polyamide,
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where said polyamide is free of at least trifunctional

amines and of at least trifunctional carboxylic acids.

5. A polyamide as claimed in claim 4, comprising at least

one pigment.

6 . A polyamide as claimed in claim 4 or 5, whenever

e

obtained by the process of claims 1 to 3.

7 . A polyamide as claimed in any one of claims 4 to 6,

containing from 0.03 to 0.8 mol% of the amine radical,

based on 1 mol of carboxamide groups of the polymer chain

of the polyamide.

8 . A polyamide as claimed in any one of claims 4 to 6,

containing from 0.06 to 0.4 mol% of the amine radical,

based on 1 mol of carboxamide groups of the polymer chain

of the polyamide.

9. The use of a polyamide as claimed in any one of claims

4 to 7, for producing filaments, fibers or films.

10. A process for producing filaments based on a polyamide
as claimed in any one of claims 4 to 7 or obtained by a
process as claimed in any one of claims 1 to 3 Dby high-

speed spinning at takeoff speeds of at least 4000 m/min.

11. A process as claimed in c¢laim 10, wherein the

polyamide is a polycaprolactam.

12. Filaments obtained by a process as claimed 1n claim 10

or 11.

L B e N L i LT T L I TP R P - crentt AL eatefe V. . .
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13. The use of filaments obtained by a process as claimed

in claim 10 or 11 for producing fibers and fabrics.

14. Fibers and fabrics obtained by the use of claim 13.
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